Introduction {#sec1-1}
============

Falls are by far the most common injury sustained by older adults and in most countries around the world older people have highest death rates arising from a fall\[[@ref1],[@ref2]\]. An individual's fall risk is highly dependent on the number of risk factors, and both the least active and the most active older adults have an increased risk of having a fall\[[@ref3],[@ref4]\].

Some of the physiological functions of the body that might be weakened due to ageing and inactivity are muscle and balance functions\[[@ref5]\]. It is well documented that a combination of these factors increases the risk of falling\[[@ref6],[@ref7]\]. Low falls self-efficacy has been associated with the reduction and avoidance of activities. This means in turn that inactivity limits daily activities, decreasing physical functioning and falls self-efficacy\[[@ref8]\]. This shows the importance of including actions aiming to strengthen fall-related self-efficacy in fall prevention interventions.

Most fall prevention programmes, which include balance and strength training in order to reduce fall risk, rarely contain components of fall self-management such as getting up and down from the floor and a safe falling strategy in different directions\[[@ref9]-[@ref11]\]. However, these actions have been suggested as being important for inclusion in fall prevention programmes, and some available evidence on getting up from the floor is presented and suggested to potentially decrease the fear of falling\[[@ref12]\].

To address known aspects of strength, balance and learning to get up and down from the floor safely, a specific judo inspired exercise programme has been developed called Judo4Balance. A team of medical professionals also holding a black belt in judo developed the programme. The choice of using judo as an inspiration for the programme was because of the components balance, strength and landing strategies used in judo, which are also important components in fall prevention programmes\[[@ref13]-[@ref15]\]. To our knowledge, Judo4Balance is the only investigated exercise programme for this age group aimed at preventing falls, including both strength and balance exercises as well as safe falling strategies/techniques.

In addition, research have shown that adherence/attendance rates in exercise programmes are higher when exercise is provided on a group level, held in a local facility and supervised\[[@ref16]\]. Therefore, in this study, the group-based intervention took place in three different settings: a district healthcare centre, workplace setting and in a local community judo club's facility.

The aim of this feasibility study was to assess the feasibility of an intervention including a judo-inspired exercise programme, Judo4Balance. Feasibility will be addressed by evaluating: A) the study process, resources, management and scientific aspects and B) the effects of the intervention programme on physical performance, fall related self-efficacy and falling techniques.

Methods {#sec1-2}
=======

The design of this study was a descriptive feasibility investigation of a larger planned trial. The checklist of pilot studies from Thabane et al was used with focus on feasibility\[[@ref17]\].

Participants and recruitment {#sec2-1}
----------------------------

This study aimed to include three small groups of participants since the highly challenging exercise program needed close monitoring and support. A thumb rule of including 12 participants per group in pilot studies have been suggested\[[@ref18]\]. A total of 28 available participants accepted participation in this feasibility study during the recruitment period September 2018 to May 2019. Older adults over 60 years of age were asked to participate and each participant was provided a written informed consent form before participating. The participants received no compensation for participating in the study.

Inclusion criteria were being over 60 years of age, ability to understand written and verbal Swedish language, and being mobile.

This study covers three different locations for recruitment to the present study, and the intervention was 10--16 weeks depending on the setting and participants.

*[Local Health Care Centre (n=11)]{.ul}*. A convenience sample was used performed at a local healthcare centre, which recruited patients who were referred to the 16-week training programme by physiotherapists for pilot testing. This programme was extended in time from 10-weeks due to uncertainty of how much time was needed to build strength and balance as well as to learn the falling techniques. The exercise programme was led by a physiotherapist, with a black belt in judo working at the health clinic.

*[Local Judo Club (n=7)]{.ul}*. Participants were recruited by advertising in social media. The intervention lasted 15 weeks.

*[Older adults (+60 years and still working age) at workplace (n=10)]{.ul}*. A convenience sample was used at a workplace setting, where the 10-week intervention was introduced.

Intervention {#sec2-2}
------------

A total of two test leaders (judo instructors) performed all the measurements in the study and a total of six judo instructors, including the two test leaders, led the exercise program, in pairs of two for each one of the three locations. All judo instructors had a black belt in judo and a specific education in teaching the Judo4balance programme to the older adults.

All sessions in the intervention involved strength, balance training, rising from the floor and falling technique. Participants trained for 45--60 minutes, once a week for 10--16 weeks, depending on the setting. However, the Judo4Balance exercise was provided according to the three-block progression of the programme and the only difference was the number of sessions. Strength training included simple functional exercises focusing on the legs and core. Balance training contained dynamic exercises focusing on different subsystems and dual tasks. Getting up and down from the floor exercises were repeated during each workout from both abdominal and back positions. Techniques for falling backward, sideways and forward were taught according to the programme's progression plan.

The progression can be described in three main blocks.

1\) Practicing basic falling techniques (e.g. getting up and down from the floor) and strength exercises; body awareness; mobility training; building up load resistance in muscles, tendons, joints and skeletons as well as exercises to train balance by performing movements that are not usually carried out in everyday life activities.2) Continuing falling techniques and strength exercises; increasing load in strength exercises; challenging balance and coordination ability; greater range of movements in exercises, possibly power in exercises; continuing to build up load resistance in muscles, tendons, joints, and skeletons.3) Training in ability to develop power (fast power); power in strength exercises; more advanced training in fall techniques; challenging one's balance, coordination, and dual tasks with increased difficulty.

Measurements {#sec2-3}
------------

Feasibility was measured by close monitoring and evaluating the feasibility by; A) process, resources, management and scientific aspects17 and B) the effects of the intervention on physical performance, falls self-efficacy and techniques for falling safely.

### A) Process, resources, management and scientific aspects {#sec3-1}

Process

Overall, the process aspect deals with feasibility of the processes that are key to the success of the main study, including recruitment rates and dropouts.

Resources

This aspect evaluates the steps that need to take place as part of the main study, including assessing time and resource problems that can occur during the main study.

Management

Management mainly deals with feasibility of the location, in this case three different locations for performing the intervention: a) local healthcare centre, b) local Judo Club, c) older adults (+60 years) at workplace setting.

Scientific

This aspect covers, among other topics, the safety of the intervention and identifying suitable target group.

### B) Effect measures {#sec3-2}

Outcomes for physical performance and fall-related self-efficacy and fall techniques were collected using the following measures:

Short Physical Performance Battery (SPPB)\[[@ref19]\] was used to assess the physical performance in the lower extremities and includes strength, balance and walking items. The scale scores range from 0 to 12 points. A total score of 12 represents the best performance. The SPPB has shown to predict the risk of falls in adults over the age of 60. The test has shown good test-retest reliability\[[@ref20],[@ref21]\].

Falls Efficacy Scale-Swedish version (FES-S)\[[@ref22]\] was used to measure the self-confidence in the ability to perform various daily activities without falling. The instrument consists of 13 items. Each item is rated from 0 to 10, with a maximum score of 130 points, which represents the highest level of self-efficacy. FES-S has been shown to have high test-retest reliability\[[@ref23]\].

Since there are no previously known tests for the evaluation of fall techniques, two tests have been developed to test the acquired skills for falling backwards as well as falling forwards in a safe setting, with progressive difficulty. These tests are also planned to be further validated in a future planned study. The tests were graded on a 0--4 scale.

[Falling backwards:]{.ul} The person is asked to lay down on his/her back on the mat, lift the head up from the mat and to stand up again. If successful, he/she scores one point.

The next step is to sit up on the mat on one's buttocks and fall backwards. If successful, he/she scores two points. The next step is to fall backwards safely from a squatting position (three points), and the final step is to fall safely from a standing position, which results in four points if done correctly.

[Falling Forwards:]{.ul} A similar progression is made for the forward breakfall strategies: laying on the stomach, falling from the knees, a squatting position, and falling from a standing position (rolling or "cat breakfall") without any harmful manoeuvres equals four points.

Statistics {#sec1-3}
==========

The feasibility was analysed using descriptive statistics, and the data were presented as frequencies, means, medians, min--max and percentages. For the outcome measures, non-parametric methods were used for all the measurements. To test the difference between the baseline and the follow-up, Wilcoxon Signed Ranks Test was used (two related samples). Two-tailed p-values were used with a critical significance level of 0.05.

The analyses were performed using the statistical programme SPSS 22.0 for Windows (SPSS Inc., Chicago, IL).

Ethics {#sec1-4}
======

The study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethical Committee of the Uppsala Region (Dnr 2018/239).

Results {#sec1-5}
=======

The results are presented according to feasibility measures and outcome measures used in the study. The overall description of the intervention is presented in [Table 1](#T1){ref-type="table"}.

###### 

Overall description of the intervention.

  Setting                    Health Care Centre (16-weeks)   Judo facility (15-weeks)   Workplace (10-weeks)
  -------------------------- ------------------------------- -------------------------- ----------------------
  Age (mean)                 74                              71                         63
  Women/men                  11/0                            7/0                        6/4
  Sample size                11                              7                          10
  Dropouts                   4                               3                          \-
  Adverse advents            0                               0                          0
  Exercise sessions (mean)   13.7                            10.5                       8.0
  Intervention               16-weeks                        15-weeks                   10-weeks

Feasibility measures

A\) process, resources, management and scientific aspects and B) effects of the intervention on physical performance, fall related self-efficacy and techniques for falling safely.

Process

A total of 28 older adults participated in the intervention at the three different settings. A total of 21 participants completed follow-up measures. The two main reasons for not attending for the follow-up tests were ill health and being out of town. A total of 25% dropouts was also judged to be acceptable for the study.

Resources

The estimated time to complete the assessments was 45 minutes per participant, and all measurements were judged to be appropriate for evaluating the outcomes. The transportation of the puzzle crash mats was time consuming and judged to be a bit inconvenient, except in the local judo club setting where the mats were already permanently on the floor.

Management

Local Health Care Centre

Since this group was already in contact with health care professionals for various health related problems it was assumed that this group needed more support to progress during the exercise program. Therefore, the longer intervention of 16 weeks performed at the healthcare centre that was in the original plan deemed the most suitable. However, it was determined that the length of the 16-week training provided at the local healthcare centre could be reduced in the future study by four weeks and still provide effective training because of the progress made among the participants in each session. A total of seven women completed the follow-up measures.

Local Judo Club

Interest for participating in this type of training provided at the local judo club was high among the older adults, especially among the more active and healthy older adults. However, this group was the smallest group due to inconvenience in time to participate in the testing. General information and social media campaigns seem to be working to attract participants. Despite the small group included in this study, a long waiting list of interested older adults was registered at the local judo club. It was determined that the length of the 15-week training at the local judo club could be reduced by three weeks and still achieve effective training. The availability of study equipment was judged to be a huge advantage for feasibility. A total of four women completed the follow-up measures

Older adults (+60 years) at workplace

A total of 10 older adults participated in the Judo4Balance programme at the workplace for 10 weeks. This setting was deemed to be appropriate when targeting a broader age group; however, the number of adults over age 60 is limited at one single workplace.

Scientific Aspects

The need of closely supervising during the exercise in the group visiting health care, and the use of local healthcare centre for the Judo4Balance training group seems the most viable option. These groups are also more dependent on well trained group leaders and need other inclusion criteria than in this study. However, no injury was reported during the actual training sessions in any of the groups. Overall, some natural reasons for not completing the programme because of injury or illness were noted. Reason for non-attendance at follow-up (n=7) was being out of town (n=3) and illness (n=4); therefore, it was suggested to plan for scheduling follow-ups immediately post intervention to ensure not losing measures because of travelling as well as giving the possibility to schedule a second follow up session if the illness is just temporary at the first schedule follow up date.

Outcome measures

The primary outcomes are displayed in [Table 2](#T2){ref-type="table"}. Significant improvements were seen in all measures except for FES-S, see [Table 2](#T2){ref-type="table"}. Proportions of participants who improved are presented in [Table 2](#T2){ref-type="table"}, and all measures displayed improvements at follow-up: SPPB by 38%, FES-S by 51% and fall techniques were improved among the participants by 71% for fall techniques backward and 75% forward, n=21.

###### 

Medians, proportions and results from the Wilcoxon rank sum test for all measurements (n=21).

  Outcomes                          Median (pre) (min- max)   Median (post) (min-max)   Proportions of participants that improved   P-value
  --------------------------------- ------------------------- ------------------------- ------------------------------------------- -------------
  FES-S (0--130)                    120 (94-130)              127 (86-130)              51 %                                        .133
  SPPB (0--12)                      11 (6-12)                 11 (8-12)                 38 %                                        **.030**
  Fall techniques backward (0--4)   1 (0-4)                   4 (0-4)                   71 %                                        **\< .001**
  Fall techniques forward (0--4)    1 (0-2)                   2 (0-4)                   75 %                                        **\<.001**

Note FES-S= Falls efficacy scale-Swedish version, SPPB= Short Physical Performance Battery; bold figures indicate a significant value ≤ 0.05.

Discussion {#sec1-6}
==========

A challenge when planning novel interventions is feasibility of the planned intervention\[[@ref17]\]. This study focused on the study process, resources, management and scientific aspects as well as getting an indication of the effects on physical performance, fall-related self-efficacy and fall techniques among the participating older adults.

In this study, the different settings showed valuable information about pros and cons for planning the set up for the study. The most time effective setting was at the local judo setting. Advantages of using the local judo setting included availability of judo instructors and transportation of equipment needed for the exercise sessions. However, this was the smallest group included in this study; nonetheless, many older adults expressed an interest in participating in the study but due to time constraints were not tested in this pilot study. The participants had different conditions for participation. Discussions in the research group were that at the healthcare centre the participants needed more supervision and were deemed to be more fragile.

The risk of falling among men and women in the age range of 55-65 at the workplace have been reported to be 1.8-2.5 times higher compared to their counterparts in their 20s\[[@ref24]\]. Since falling among older adults is associated both with functional decline and higher fall risk at work, preventive efforts at the workplace should be adressed\[[@ref24]\]. In addition, facilitators in a workplace setting such as social influence and the environmental context have previously shown to be important for engaging employees in physical activity\[[@ref25]\]. However, at the workplace, the participants are depending on the employer to gain approval for participation, and the age group over 60 is expected to be limited at each workplace when planning for a larger study at work.

The length of the intervention was also discussed, and a time period of 12 weeks was suggested to be appropriate since the supervision, instructions and the simplicity of the programme were judged to be sufficient for learning in this study and also confirmed in previous research\[[@ref26]\].

Adherence was acceptable, and previous research have shown that adherence is generally higher in supervised programmes than unsupervised\[[@ref16]\].

The impact of the intervention on suggested outcomes in this study, physical performance and fall techniques, was judged to be appropriate and showed significant improvements. Since decreased physical performance with age is known to be associated with the risk of future falls, this measure was of high interest to explore\[[@ref27]\]. Learning techniques for falling were a novel approach and provided insight to the possibility of learning these techniques. Thus, these results are of great interest for further studies including the relationship with known physiological and psychological risk factors for falls. In addition, it is of great interest to study fall-related self-efficacy since there is a known association with risk of falls and fall-related injuries\[[@ref28]\]. The results on FES-S displayed no significant improvements in the analysis; however, over 50% of the participants showed improvements on the measure, which indicates there is a benefit in further exploring this measure in the larger planned study.

Limitations {#sec1-7}
===========

Some limitations must be noted due to the variation in age, setting, intervention period and sample size. Also, the results of the outcome measures must be interpreted with caution and need to be further investigated in a larger randomised controlled trial. However, the results were deemed to serve a great purpose and will be used in the further planning of the upcoming study. There was no comparison to a control group in this feasibility study. However, since the exercise programme contains advanced exercise and falling techniques, the main interest was to explore the programme in a small group of active older adults prior to implementing a large-scale study,

Conclusions {#sec1-8}
===========

This study confirms that the judo inspired exercise programme, Judo4Balance, is a feasible and accepted intervention for older active adults, and hence applicable in a larger planned study. This study will provide a safe and thoroughly planned protocol for the larger planned study. Important aspects of time, setting, adherence and safety will be considered in the future planning. Moreover, this study highlights the importance of performing feasibility studies prior to larger studies. In addition, the measures of physical performance and fall techniques indicate the effectiveness of these functions in the intervention. The measure of fall-related self-efficacy needs to be further investigated since the intervention had little or no impact on fall-related self-efficacy in this study. This study confirms the feasibility of the intervention and shows that a larger trial is needed to further validate our findings.
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